Reliability and validity are criteria used to assess metric adequacy and are typically quantified by correlation coefficients. Reliability is described as the extent to which repeated measurements yield consistent results. Validity is described as the extent to which a measure actually measures what it purports to measure. These conceptualizations are less useful when applied to measures of subjective outcomes because they do not convey other influences that "drive" correlation coefficients. Consistency is a manifestation of a reliable instrument but does not ensure that an instrument is reliable. Establishing the validity of an instrument is a complex process that is heavily dependent on an investigator's hypothesis. Hence, validity coefficients may be more a reflection of hypothesis adequacy than of the extent to which instruments measure what they purport to measure. Appreciating how coefficients are influenced will better enable clinicians to assess the adequacy of subjective outcome measures.
T raditionally, physicians have been called on to promote physical healing. Reducing tangible negative outcomes, especially mortality, has been a primary objective. Recently, clinicians have begun to focus on more subjective outcomes such as quality of life, social health, pain, and patient satisfaction. 1 Measuring subjective outcomes is difficult.
Psychometrics, the process of quantifying subjective outcomes, has traditionally been the purview of psychologists and educators who wrestle with measuring concepts like personality and intelligence. 2 While not attempting to be a primer in psychometrics, this article will explicate two criteria used to assess subjective outcome measures. Reliability and validity assess the adequacy of any metric. Understanding how these criteria are estimated will better enable clinicians to evaluate the quality of instruments reported in the medical literature. [3] [4] [5] [6] Our goal is to demonstrate what "drives" the numbers used to convey reliability and validity.
RELIABILITY AND ACCURACY
Reliability is commonly defined as the extent to which repeated measurements yield consistent results. 7 Validity is often defined as the extent to which a measurement actually measures what it purports to measure. 7 Introductory texts in clinical and social research depict "shots" at a target to convey the meaning of reliability and validity ( Fig. 1) . 8, 9 Reliability is illustrated by the scatter of shots, with greater scatter indicating lesser reliability. Validity is illustrated by how well centered are the shots on the bull'seye-the truth. When considering physiologic outcome measures such as a sphygmomanometer measure of blood pressure, these definitions and illustrations are useful. 10 This conceptualization of reliability and validity is less accurate when applied to subjective outcomes such as quality of life. Figure 2 shows that hitting a bull's-eye accomplishes little if the wrong target is hit. Figure 3 demonstrates that consistently hitting the same area may still be relatively unreliable if the size of the target is smaller. Furthermore, for the purpose of establishing validity of abstract outcomes, Figure 1D is flawed as it is not possible to obtain an adequate validity coefficient if the scales are unreliable. Reliability is a necessary, albeit insufficient, requirement for validity. We describe a more comprehensive picture of reliability and validity coefficients.
MEASURING RELIABILITY
The reliability coefficient is a quantitative expression of an instrument's reliability. There is, however, a disconnection between our traditional understanding of reliability and what coefficients represent. The consistency of scores (a common conceptualization of reliability) is only one component of what reliability coefficients represent. The reliability coefficient conveys the proportion of a scale's total variance that is due to true variance (i.e., nonerror variance). 11 There is good reason for expressing reliability in this manner and not simply as consistency.
Consider a porch thermometer. To convey reliability, variations from the "truth" when measuring outside temperature are stated. A Ϯ 3 Њ F variation would not be troublesome in that it would not cause one to modify attire or plans. One would consider the variation trivial and decide the porch thermometer was sufficiently reliable. Consider, on the other hand, a thermometer with Ϯ 3 Њ F variation used to measure neutropenic cancer patients' temperatures. Such a thermometer is inadequate as it does not discriminate between those who need further evaluation or perhaps empiric antibiotics and those who do not. Hence, the amount of error inherent in a measure (the Ϯ 3 Њ ) is not sufficient to describe whether it is reliable. One must also have a sense of the normal variation of the characteristic being measured. As the outside temperature can have a wide range of values, a Ϯ 3 Њ variation (error variation) is modest relative to the true variation seen in the weather. Because the true variation of human temperature (say 95 Њ to 105 Њ , a 10 Њ range) is far smaller than the outside temperature, the same error variation is far more profound. Experience with natural variation in temperature permits a critical evaluation of a particular error variation. Consider, however, a scale measuring health-related quality of life. Suppose the scale varied by Ϯ 5 units on two separate occasions (error variation) when given to 10 stable, white elderly women with arthritis who gave a range of responses (true variation) from 30 to 70 units. With many scales, a "feel" for a unit of measurement is absent even if the response range given by individuals is known. Unlike the example above in which one has a sense of what 1 Њ F means (i.e., its discriminative and predictive utility), we have no idea what a unit of health-related quality of life means and therefore cannot make a gestalt assessment from error variation alone. To overcome this obstacle, true variation is expressed as a fraction of total variation (true variation ϩ error variation). In statistical parlance, the amount of variation is represented by variance. 12 This is a simplified version of a correlation coefficient that quantifies reliability. Some form of this basic construction is found in all reliability coefficients. 13 Several observations merit comment given the basic structure of reliability coefficients. These comments explain the importance of using instruments on similar populations and
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(error variation) will result in a different reliability coefficient depending on the size of the target (true variation). The same measure of health-related quality of life in the general population is likely to yield a lower reliability coefficient when given to patients with terminal cancer. Greater heterogeneity of a characteristic increases true variance. This fact mandates that testing and use of instruments be on similar populations. 14 In addition to testing a scale on a heterogenous population, the potential for detecting true variation is improved by increasing the number of response options for a particular question. For example, true variance is more likely to be detected if the response options are continuous rather than dichotomous ("She has a fever of 103" provides more real information than "She has a fever"). This, in part, explains why researchers prefer more response options-seven response options are preferred over five. This, however, holds only as long as the distinctions among the response options are real ("I am very much not pregnant," "Pretty much not pregnant," "Hardly pregnant," "Neither pregnant or not pregnant," etc., provides no more information, and maybe less, than a simple yes or no answer to "Are you pregnant?").
Increasing the number of questions on a scale may also enhance detection of true variance. If one imagines a scale constructed by summing the statements with which an individual agrees, the more statements given, the greater the potential variation. If there are three statements, scores can range from 0 to 3. If there are 10 statements, they can range from 0 to 10. Moreover, increasing the number of questions minimizes random error. For a scale, each question theoretically represents a parallel measure of the attribute. Increasing the number of questions may minimize random error because random error tends to cancel out. The pragmatic appeal of questionnaire brevity may be at the expense of reliability.
A reliability coefficient represents both a measure's inherent ability to give consistent results (i.e., free of error variation) and true variation. True variation reflects how much the characteristic of concern varies within the study population, length of the questionnaire, and the response scaling. In all circumstances, the amount of error variation relative to true variation "drives" the reliability coefficient.
MEASURING VALIDITY
In Figure 2 a target may be hit perfectly but the measure may be invalid if the wrong target was hit. For instance, a thermometer is valid for measuring temperature but not blood glucose level. Although we often consider a measure as valid or invalid, it would be more accurate to say validity is the extent to which an instrument measures what it purports to measure. This is a fair definition, but fails to convey the means by which this relation is established or the nature of the correlation specified by validity coefficients. Classic techniques used to establish A reliability coefficient may be improved in two ways: through greater true variation and through diminished error variation. Developing an instrument with a good reliability coefficient is difficult if there is little true variation of the characteristic between subjects. In other words, a group that is extremely homogeneous will not easily lend itself to the development of a measure that yields an acceptable reliability coefficient. Consider an attempt to measure self-efficacy in All-Star-caliber professional athletes. Because confidence is uniformly high (i.e., there is very little true variation) in this population, it is unlikely that any measure will yield a reasonable reliability coefficient even if results are fairly consistent (i.e., little error variation). A measure of a characteristic that had no variation across time or people could be consistent yet yield a poor reliability coefficient.
Conversely, measuring a population that is heterogeneous with regard to a particular attribute will, all else being equal, result in a measure that has a higher reliability coefficient when compared with its application in a more homogeneous population. Figure 3 captures this point by demonstrating that the same dispersion of shots instrument validity, with a focus on construct validity, are described. We will draw from an experience developing a health-related quality-of-life measure for older, southern African-American women with type 2 diabetes.
Face validity is commonly considered a minimum validation requirement. Questions are reviewed to see if they seem to relate to the measured attribute. Though frequently present, face validity is neither necessary nor sufficient. 15 Of particular concern are questions to which individuals are reticent to give truthful responses. Questions dealing with sensitive subject matter are frequently posed in a manner that leaves the investigator's objective unclear. Although reviewers may consider a question void of face validity, the response elicited may approximate the desired attribute. Conversely, a question may seem to have face validity yet elicit a false response. 16 Although these exceptions are important, most "valid" questions will meet the requirement of face validity.
A closely related method is determining content validity. Here the issue is adequacy of sampling . "My diabetes has interfered with my ability to participate in church activities" has face validity for many older, southern AfricanAmerican women. However, if this were the only question asked, some would argue that the instrument did not adequately sample health-related quality-of-life issues (other aspects of social well-being in addition to mental and physical well-being) and was therefore void of content validity. A multidisciplinary research group guided by theory and directed primarily by patient input (e.g., focus groups and cognitive response interviews) is more likely to adequately sample the range of important issues. The central point is how well the content of a scale is sampling the content of an attribute.
Another method, criterion validity, consists of validating an instrument by correlation to a "gold standard." This is commonly done when an investigator attempts to develop a shorter or more convenient version of an established instrument. 17 The process is a fairly straightforward one akin to establishing the sensitivity and specificity of a new test. The criterion provides an accurate (gold standard) measure of the attribute. A word of caution regarding the criterion method as a means of validating new instruments. A health-related quality-of-life measure for older, southern African-American women with type 2 diabetes was developed because investigators concluded current instruments were insufficiently focused on issues germane to this population. If investigators conclude that current measures are inadequate, then criterion validity should not be an option for establishing validity. For example, if the investigators feel that the Medical Outcomes Study 36-Item Short Form (a commonly used generic health status measure) is inadequate for this population, then it should not be used as a criterion with which to correlate their scale.
The most common way to establish validity is quite indirect. In this setting, no standard exists for measuring the attribute. In using construct validity, investigators construct hypothetical relations between the attribute and other attributes. Table 1 summarizes three steps investigators may use to establish a construct validity of a questionnaire (a) that seeks to measure a particular attribute (A) . Again, consider the attempt to measure healthrelated quality of life in African-American women with type 2 diabetes. The attribute is health-related quality of life (A) . The investigator hypothesizes that health-related quality of life (A) should correlate moderately well with social support (B) . An instrument (b) has been validated for social support in this population. Both instruments are administered. The correlation between instrument a and b is computed. The original relation between the instrument a and health-related quality of life (A) is reported as valid to the extent that the two questionnaires ( a and b ) correlate. Notice that the validity coefficient of a represents the relation between a and b and only inferentially the relation between a and A . Validity reflects the adequacy of the hypothetical construction! If the investigator can construct several scenarios (i.e., correlation with other attributes such as coping, self-efficacy, etc.) 18 that yield hypothesized correlations, then confidence in the questionnaire's validity is enhanced. Unfortunately, it is still possible that the measure (a) is not measuring health-related quality of life (A) but something else that correlates well with social support, coping, and self-efficacy.
SUMMARY
Reliability and validity are two criteria used to assess the adequacy of a scale. We have demonstrated that the term consistency does not adequately capture what a reliability coefficient conveys. We have highlighted the impact of true variation on reliability coefficients and demonstrated that error variation relative to true variation determines the coefficient value. Traditional means of accumulating validity evidence were reviewed; these approaches are complementary and may overlap in establishing validity. Theory plays a large role in establishing construct validity. Hypothesis quality "drives" the validity coefficient more than the extent to which the instrument measures what it purports to measure. Greater familiarity with the 15 intricacies of establishing reliability and validity will enable clinicians to better evaluate the adequacy of subjective outcome measures.
